Evidence supports a dysregulation of subcortical dopamine (DA) system function as a common etiology of psychosis; however, the factors responsible for this aberrant DA system responsivity have not been delineated. Here, we demonstrate in an animal model of schizophrenia that a pathologically enhanced drive from the ventral hippocampus (vHipp) can result in aberrant dopamine neuron signaling. Adult rats in which development was disrupted by prenatal methylazoxymethanol acetate (MAM) administration display a significantly greater number of spontaneously firing ventral tegmental DA neurons. This appears to be a consequence of excessive hippocampal activity because, in MAM-treated rats, vHipp inactivation completely reversed the elevated DA neuron population activity and also normalized the augmented amphetamine-induced locomotor behavior. These data provide a direct link between hippocampal dysfunction and the hyper-responsivity of the DA system that is believed to underlie the augmented response to amphetamine in animal models and psychosis in schizophrenia patients.
Introduction
The role of dopamine (DA) in schizophrenia is well established based on the ability of DA agonists to exacerbate psychosis, the efficacy of DA antagonists in treating schizophrenia, and imaging studies of increased amphetamine-induced DA release in schizophrenia (Laruelle and Abi-Dargham, 1999; Abi-Dargham, 2004) . Nonetheless, there is no evidence for a primary pathology within the DA system itself in schizophrenia; rather, the DA system appears to be abnormally regulated (Grace, 1991 (Grace, , 2000 AbiDargham, 2004) . However, the mode of this dysregulation is unknown. One model of DA function posits that the mesolimbic DA system is regulated via two independent mechanisms: (1) transient or "phasic" DA release driven by DA neuron burst firing and (2) extrasynaptic or "tonic" levels DA dependent on basal DA neuron activity and regulated via presynaptic inputs (Grace, 1991; Floresco et al., 2003) . DA neuron burst firing induces a large transient increase in perisynaptic DA (Chergui et al., 1994) and is considered to be the functionally relevant signal that encodes reward prediction or incentive salience (Berridge and Robinson, 1998; Schultz, 1998) , whereas tonic DA transmission occurs on a much slower scale and is proposed to set the background level of DA system activation (Grace, 1991) .
DA neuron activity is potently modulated by the ventral hippocampus (vHipp) (Legault and Wise, 1999; Floresco et al., 2003; Lodge and Grace, 2006a) . Thus, vHipp activation increases DA neuron population activity (i.e., number of DA neurons firing spontaneously) without affecting average firing rate or burst firing and, moreover, this is dependent on a polysynaptic [vHippnucleus accumbens (NAc)-ventral pallidum (VP)] projection (Floresco et al., 2003; Lodge and Grace, 2006a ). An increase in population activity makes the DA system more responsive to phasic activation by glutamatergic afferents (Lodge and Grace, 2006a) . Given evidence correlating hippocampal dysfunction with psychosis in schizophrenia (Harrison, 2004) , we propose that aberrant hippocampal activity may underlie the DA dysregulation in this disorder. Previous attempts to produce an animal model of schizophrenia have relied on developmental disruption. One model using administration of the DNA methylating agent, methylazoxymethanol acetate (MAM) to pregnant dams on gestational day 17 (GD17) has substantial face validity in that the adult offspring demonstrate anatomical changes (thinning of limbic cortices with increased neuronal packing density) (Moore et al., 2006) , behavioral deficits [decreased prepulse inhibition of startle, disruption in learning new response contingencies, increased responses to PCP (phencyclidine) and amphetamine (Flagstad et al., 2004; Moore et al., 2006) , an increased sensitivity to stress (Goto and Grace, 2006) , executive behavioral impairment (Gourevitch et al., 2004) , perseverative errors and deficits in latent inhibition (Flagstad et al., 2004) , and social impairment (Talamini et al., 1998; Talamini et al., 2000) ], and disruption of rhythmic activity in frontal cortex (Goto and Grace, 2006 ) that parallels what has been observed in schizophrenia patients. Thus, the MAM GD17 model recapitulates a pathodevelopmental process leading to schizophrenia-like neuroanatomical and behavioral phenotypes. Using this model, we now demonstrate the presence of a hippocampal dysfunction that leads to DA system hyper-responsivity and provide new insights into understanding the role of these systems in the pathophysiology of schizophrenia.
Materials and Methods
All experiments were performed in accordance with the guidelines outlined in the United States Public Health Service Guide for the Care and Use of Laboratory Animals and were approved by the Institutional Animal Care and Use Committee of the University of Pittsburgh. Animals. MAM treatments were performed as described previously (Moore et al., 2006) . In brief, timed pregnant female Sprague Dawley rats were obtained at GD15 and housed individually in plastic breeding tubs. MAM (diluted in saline, 20 mg/kg, i.p.) was administered on GD17. Control rats received injections of saline (1 ml/kg, i.p.). Within a week of birth, offspring were culled to 10 by removal of female rats. Male pups were weaned on day 21 and housed in groups of two to three with littermates until ϳ4 -5 months of age, at which time they were used for physiological or behavioral studies. All experiments were performed on multiple litters of MAM-and saline-treated rats.
Acute studies. Adult male rats were anesthetized with chloral hydrate (400 mg/kg, i.p.) and placed in a stereotaxic apparatus. Anesthesia was maintained by supplemental administration of chloral hydrate as required to maintain suppression of limb compression withdrawal reflex and a core body temperature of 37°C was sustained by a thermostatically controlled heating pad. For acute administration of drugs into discrete brain areas, rats were implanted with 23 gauge cannulas 2.0 mm dorsal to the vHipp [anteroposterior (AP), Ϫ6.0; mediolateral (ML), ϩ5.3; dorsoventral (DV), Ϫ4.5 mm from bregma] and the pedunculopontine tegmental nucleus (PPTg; AP, Ϫ8.0; ML, ϩ1.6; DV, Ϫ5.0 mm from bregma) that were fixed in place with dental cement and two anchor screws.
Pharmacological manipulations. Chemical stimulation was specifically used to enable neuronal excitation without the confounds associated with current spread, activation of fibers of passage, or potential lesions during extended stimulation that may occur with electrical activation. All drugs were dissolved in Dulbecco's PBS (dPBS) and infused in a volume of 0.5 l through a 30 gauge injection cannula protruding 2.0 mm past the end of the implanted guide cannula. The injection cannula was left in situ for 1-2 min to ensure diffusion of drug into the surrounding tissue. NMDA (0.75 g/0.5 l) (Floresco et al., 2003; Lodge and Grace, 2006a) , tetrodotoxin (TTX; 1 M in 0.5 l) (Floresco et al., 2001), or vehicle (dPBS) were all injected at doses reported previously to induce specific behavioral and/or neurochemical effects.
The control group for DA neuron population studies consisted of rats that received either no injection or vehicle (dPBS) infusions into the vHipp and PPTg. Consistent with previous data (Lodge and Grace, 2006a) these groups all showed similar DA neuron population activity parameters and their data were combined. Rats received only one injection per region and DA cell recordings were typically recorded from 10 min to 2 h after infusions.
VTA DA neuron extracellular recordings. Extracellular microelectrodes (impedance, 6 -14 M⍀) were lowered into the ventral tegmental area (VTA; AP, Ϫ5.3; ML, ϩ0.8 mm from bregma and Ϫ6.5 to Ϫ9.0 mm ventral of brain surface) using a hydraulic microdrive and the activity of the population of DA neurons was determined by counting the number of spontaneously active DA neurons encountered while making 5-9 vertical passes, separated by 200 m, in a predetermined pattern to sample equivalent regions of the VTA. Spontaneously active DA neurons were identified with open filter settings (low pass, 50 Hz; high pass, 16 kHz) using previously established electrophysiological criteria (Grace and Bunney, 1983) and, once isolated, their activity was recorded for 2-3 min. Three parameters of activity were measured: (1) population activity (defined as the number of spontaneously active DA neurons recorded per electrode track), (2) basal firing rate, and (3) the proportion of action potentials occurring in bursts (defined as the occurrence of two spikes with an interspike interval of Ͻ80 ms, and the termination of the burst defined as the occurrence of an interspike interval of Ͼ160 ms) (Grace and Bunney, 1983) .
vHipp extracellular recordings. Extracellular microelectrodes (impedance 6 -12 M⍀) were lowered into the ventral hippocampus (AP, Ϫ5.0; ML, ϩ4.5 mm from bregma and Ϫ5.0 to Ϫ8.5 mm ventral of brain surface) using a hydraulic microdrive and spontaneously active neurons throughout the vHipp were recorded while making 8 -12 vertical passes (moving caudal and lateral), separated by 200 m, in a predetermined pattern to sample equivalent regions of the vHipp. Once isolated, vHipp neuronal activity was recorded for 3 min.
Amphetamine-induced locomotion. All survival surgical procedures were performed under general anesthesia in a semisterile environment. Briefly, male rats were anesthetized with ketamine/xylazine (80/12 mg/ kg, i.p., respectively) and placed in a stereotaxic apparatus using blunt atraumatic ear bars. Bilateral cannulas (23 gauge) were implanted 2 mm dorsal to the ventral hippocampus (AP, Ϫ6.0; ML, Ϯ 5.3; DV, Ϫ4.5 mm from bregma) and fixed in place with dental cement and four anchor screws. Once the cement was completely solid, the wound was sutured, the rat removed from the stereotaxic frame and monitored closely until conscious. Rats received antibiotic treatment (gentamicin 3 mg/kg, s.c.) and postoperative analgesia (Children's Tylenol syrup in softened rat chow; 5% v/w) ad libitum for 24 h. Rats were housed with a reverse light/dark cycle (lights on from 7:00 P.M. to 7:00 A.M.) for at least 2 weeks before behavioral experiments. Rats were administered TTX (1 M) or vehicle (dPBS) bilaterally (0.5 l/side) and placed in an open field arena (Coulbourn Instruments, Allentown, PA) where spontaneous locomotor activity in the x-y plane was determined for 30 min by beam breaks and recorded with TruScan software (Coulbourn Instruments). Rats were then injected with D-amphetamine sulfate (0.5 mg/kg, i.p.) and locomotor activity recorded for an additional 60 min. It should be noted that a subpopulation of rats were also tested for prepulse inhibition of startle for the purpose of another study.
Histology. At the cessation of the electrophysiology experiments, the recording site was marked via electrophoretic ejection of Pontamine sky blue from the tip of the recording electrode (Ϫ25A constant current, 20 -30 min). For acute studies, rats were killed by an overdose of anesthetic (chloral hydrate, additional 400 mg/kg, i.p.), whereas for chronic studies, rats were killed by a lethal dose of anesthetic (sodium pentobarbital, 120 mg/kg, i.p.). All rats were decapitated and their brains removed, fixed for at least 48 h (8% w/v paraformaldehyde in PBS), and cryoprotected (25% w/v sucrose in PBS) until saturated. Brains were sectioned (60 m coronal sections), mounted onto gelatin-chrom alum-coated slides, and stained with cresyl violet for histochemical verification of electrode and/or cannula sites. All histology was performed with reference to a stereotaxic atlas (Paxinos and Watson, 1986) . Figure 1 provides a representation of the localization of bilateral injection sites within the ventral hippocampus.
Analysis. Electrophysiological analysis of DA and vHipp neuron activity was performed using custom-designed computer software (Neuroscope), whereas locomotor behavior was recorded using TruScan software (Coulbourn Instruments). All data are represented as the mean Ϯ SEM unless otherwise stated. All statistics were calculated using the SigmaStat software program (Systat Software, San Jose, CA).
Materials. MAM was purchased from Midwest Research Institute (Kansas City, MO). Ketamine HCl and xylazine were of United States Pharmacopeia (USP) grade and purchased from Phoenix Pharmaceutical (St. Joseph, MO) whereas pentobarbital sodium (USP) was obtained from Ovation Pharmaceuticals (Deerfield, IL). Chloral hydrate, NMDA, tetrodotoxin, gentamicin solution, dPBS, and D-amphetamine sulfate were all purchased from Sigma (St. Louis, MO). All other chemicals and reagents were of either analytical or laboratory grade and purchased from various suppliers.
Results
Rats that received GD17 saline injections (n ϭ 5 rats, 45 neurons) exhibited an average of 1.15 Ϯ 0.05 spontaneously active DA neurons per electrode track that fired at an average rate of 3.94 Ϯ 0.27 Hz with 26.4 Ϯ 3.6% of action potentials fired in bursts, consistent with previous findings in untreated rats (Floresco et al., 2003; Lodge and Grace, 2006a,b) . Adult rats administered MAM at GD17 (n ϭ 5 rats, 63 neurons) exhibited significantly greater (approximately twofold) DA neuron population activity (2.15 Ϯ 0.14 cell/track; p Ͻ 0.05), without significant differences in average burst firing (25.7 Ϯ 3.5%) or firing rate (4.40 Ϯ 0.25 Hz) relative to control. In control animals (n ϭ 5 rats, 62 neurons), the simultaneous NMDA-induced activation of the vHipp and PPTg resulted in a significant increase in DA neuron population activity (2.07 Ϯ 0.12 cells/track; p Ͻ 0.05) attributable to vHipp activation ( Fig. 2A) , and a significant increase in average burst firing (46.7 Ϯ 3.8%; p Ͻ 0.05) attributable to PPTg activation (Fig. 2C) as reported previously (Lodge and Grace, 2006a) . In contrast, in MAM-treated rats (n ϭ 5 rats, 52 neurons), vHipp activation failed to further increase DA neuron population activity ( Fig. 2A) (1.86 Ϯ 0.04 cells/track), likely attributable to a ceiling effect because it has been estimated that ϳ50% of DA cells are quiescent at rest . Interestingly, PPTg afferent-induced burst firing remained intact (39.3 Ϯ 3.7%; p Ͻ 0.05) (Fig. 2C) .
Given evidence of hippocampal dysregulation in models of schizophrenia, we examined whether the activity of the vHipp was altered in MAM rats. Rats that received GD17 saline injections (n ϭ 4 rats, 59 neurons) exhibited an average firing rate of 0.54 Ϯ 0.11 Hz with 42 Ϯ 3% of action potentials fired in bursts, an average within burst inter-spike interval (ISI) of 21.2 Ϯ 1.9 ms and an average of 2.4 Ϯ 0.1 spikes per burst. In adult rats treated prenatally with MAM (n ϭ 4 rats, 59 neurons), vHipp neurons exhibited significantly higher (more than twofold) average firing rates relative to control (1.34 Ϯ 0.25 Hz; p Ͻ 0.05), without significant differences in any burst firing parameter (average 2 . A, C, Afferent modulation of DA neuron activity states in MAM-and SAL-treated rats. In control rats (white bars), the simultaneous NMDA-induced activation of the vHipp and PPTg (patterned bars) resulted in a significant increase in DA neuron population activity (A) attributable to vHipp activation (Lodge and Grace, 2006a) ; and a significant increase in average burst firing (C) attributable to PPTg activation (Lodge and Grace, 2006a) . In contrast, in MAMtreated rats (dark bars), vHipp activation failed to further increase DA neuron population activity (A), whereas PPTg afferent-induced burst firing (C) remained intact. B, The effect of NMDAinduced afferent activation on average firing rate. An asterisk represents a statistically significant difference from control ( p Ͻ 0.05, one-way ANOVA, Student-Newman-Keuls post hoc or, if data failed tests for normality and/or equal variance, a Kruskal-Wallis one-way ANOVA on Ranks, Dunn's post hoc; n ϭ 5 rats/group). SAL, Saline-treated. burst firing, 38 Ϯ 3%; average within burst ISI, 24.7 Ϯ 2.7 ms; average spikes per burst: 2.7 Ϯ 0.2).
Given the role of the hippocampus in the regulation of DA neuron population activity, we examined whether the observed hippocampal overactivity may be responsible for the aberrant DA neuron population activity. Intra-vHipp administration of the sodium channel blocked TTX to MAM-treated rats (n ϭ 5 rats, 33 neurons) normalized the population activity to a level not significantly different from control (0.99 Ϯ 0.12 cells/track) (Fig.  3A) . Importantly, blockade of hippocampal transmission with TTX did not significantly alter any parameter of DA neuron activity in control rats (n ϭ 5 rats, 41 neurons; population activity, 1.17 Ϯ 0.09 cells/track; firing rate, 3.83 Ϯ 0.26 Hz; burst firing, 26.9 Ϯ 3.9%) (Fig. 3A-C) , nor did it affect firing rate (4.20 Ϯ 0.32 Hz) or burst firing (27.5 Ϯ 4.8%) in MAM-treated rats (Fig.  3B,C) . It should be noted that no significant change in cells/track within animals across time was observed, suggesting that the effect of TTX was not associated with diffusion into adjacent structures. Furthermore, it should be noted that this is a well established technique used to examine the involvement of the vHipp in numerous behavioral (Ambrogi Lorenzini et al., 1997; Zhang et al., 2002; Degroot and Treit, 2004) , neurochemical (Legault and Wise, 1999; Peterschmitt et al., 2005) , and electrophysiological (Floresco et al., 2001 ) studies.
Given the previous literature demonstrating an increased behavioral responsivity to amphetamine in animal models of schizophrenia, including MAM rats (Flagstad et al., 2004; Moore et al., 2006) , we suggest that this may be attributed to the enhanced baseline DA neuron population activity secondary to vHipp hyperactivity. Consistent with previous observations (Flagstad et al., 2004; Moore et al., 2006) , MAM-treated rats displayed a significantly enhanced locomotor response (ϳ15% increase above that produced in controls; p Ͻ 0.05) to low dose (0.5 mg/kg, i.p.) D-amphetamine administration (Fig. 4A) . Furthermore, whereas bilateral hippocampal inactivation had no significant effect on amphetamine-induced locomotor activity in control animals (Fig. 4B) , it significantly reduced the increased psychostimulant-induced locomotion observed in MAM rats (Fig. 4C ). Taken as a whole, these data suggest that, in MAM rats, a pathologically increased DA neuron population activity and increased responsivity to amphetamine are attributable to basal hippocampal hyperactivity.
Discussion
The data presented here demonstrate that MAM-treated rats display a pathologically enhanced DA neuron drive in the form of an increase in DA neuron population activity. Moreover, this seems to be associated with an increase in the spontaneous firing rate of vHipp neurons unrelated to changes in patterned activity at the single cell level. Furthermore, we suggest that the aberrant DA neuron activity is attributed to the increased vHipp activity because intra-vHipp TTX administration normalizes both the augmented DA neuron activity and the behavioral hyperresponsivity to amphetamine. It is important to note that TTX administration did not eliminate the response to amphetamine, but instead restored it to the level found in controls.
An association between hippocampal activity and ascending DA function has been suggested previously (Legault and Wise, 1999; Floresco et al., 2001 Floresco et al., , 2003 Lodge and Grace, 2006a) . Thus, the vHipp can modulate DA neuron population activity via a multisynaptic (vHipp-NAc-VP-VTA) pathway (Floresco et al., 2001 (Floresco et al., , 2003 . Furthermore, we have demonstrated previously that the hippocampal modulation of DA neuron population activity is not simply associated with the tonic release of DA in forebrain regions, but also represents a recruitable pool of DA neurons that can be further modulated by excitatory inputs to induce a graded Figure 3 . A-C, Inactivation of the vHipp by TTX (1 M; patterned bars) normalizes the aberrant increase in DA neuron population activity in MAM rats (A), although has no observable effect in control rats (white bars; A-C) or on any other DA neuron activity state in MAM rats (dark bars; B, C). An asterisk represents a significant difference between vehicle and vHipp inactivated rats ( p Ͻ 0.05, one-way ANOVA, Student-Newman-Keuls post hoc or, if data failed tests for normality and/or equal variance, a Kruskal-Wallis one-way ANOVA on Ranks, Dunn's post hoc; n ϭ 5 rats/group). SAL, Saline-treated. phasic response (Lodge and Grace, 2006a) . Therefore, increases in vHipp activity will lead to an augmentation of DA system responsivity. We now demonstrate that a pathologically enhanced hippocampal activity can result in aberrant DA neuron signaling in a verified model of schizophrenia. Specifically, we demonstrate that MAM-treated rats display a significantly higher number of spontaneously active DA neurons compared with control rats. Moreover, although PPTg afferent-induced burst firing remained intact in MAM rats, additional activation of the vHipp failed to induce additional increases in DA neuron population activity in this model. We demonstrated previously the importance of the hippocampal input in regulating not only the tonic DA signal, but also the number of DA neurons capable of conveying the phasic DA signal (Lodge and Grace, 2006a) . As such, the failure of hippocampal activation to increase DA neuron population activity reflects a loss of a process critical for regulating DA neuron output in MAM rats.
Given evidence of hippocampal dysregulation in schizophrenia, we examined whether activity within the ventral hippocampus was altered in MAM-treated rats. Thus, the activity of vHipp neurons is enhanced in MAM rats, expressed as a significantly greater baseline firing rate with no significant change in patterned activity at the single cell level. Because the hippocampus potently modulates DA neuron population activity, this hippocampal hyperactivity may be responsible for the aberrant DA neuron population activity in MAM-treated rats. Indeed, TTX inactivation of the vHipp normalized the pathologically enhanced DA neuron population activity to a level consistent with that routinely observed in control animals. This manipulation had no significant effect on any other parameter of DA neuron activity in MAM rats nor did it have any observable effects on DA neuron activity in control animals. This lack of effect is consistent with the way the hippocampus modulates DA neuron population activity, (i.e., via a polysynaptic disinhibition of VTA activity) (Floresco et al., 2001 (Floresco et al., , 2003 . More specifically, given that the ventral pallidum has a high degree of spontaneous activity (Ͼ10 Hz) (Johnson and Napier, 1997) , whereas cells of the NAc are largely quiescent (Mulder et al., 1997) in the anesthetized rat, it is not surprising that inhibition of hippocampal activity has little or no effect on baseline DA cell activity.
There is a significant literature demonstrating an increased responsivity to psychostimulants in both human schizophrenia patients (Laruelle et al., 1996; Breier et al., 1997) and animal models of schizophrenia, including MAM rats (Flagstad et al., 2004; Moore et al., 2006) . Moreover, vHipp activation has been shown to increase the behavioral response to amphetamine in normal rats (White et al., 2006) . Therefore, we propose that the source of amphetamine hyper-responsivity may be attributed to vHipp-induced enhancement of baseline DA neuron population activity. Whereas bilateral hippocampal inactivation had no significant effect on amphetamine-induced locomotor activity in control animals (consistent with the lack of effect observed on DA cell activity), it significantly reduced the augmented psychostimulant-induced locomotion observed in MAM rats. Together, these data suggest that, in MAM rats, a pathologically increased DA neuron population activity and increased responsivity to amphetamine are attributable to basal hippocampal hyperactivity, although we have not tested whether the hyperactivity is present in the prepubertal animal, in which amphetamine fails to cause hyperactivation in the MAM model. Moreover, given the results of the present study, we propose that the hippocampal dysfunction present in schizophrenia patients is the basis for the hyper-responsive dopamine system proposed to underlie psychosis in this disorder.
We suggested previously that disruption of hippocampal projections to the NAc may be a pathophysiological factor in schizophrenia (Grace and Moore, 1998; O'Donnell and Grace, 1998; Goto and Grace, 2005) . The model advanced here is consistent with hippocampal dysfunction observed in schizophrenia patients (Saykin et al., 1991; Harrison, 1999; Shenton et al., 2001) and functional imaging studies show abnormally high activity both during resting states (Nordahl et al., 1996; Heckers et al., 1998; Lahti et al., 2006) and during task performance (Medoff et al., 2001; Meyer-Lindenberg et al., 2001; Weiss et al., 2006) . In addition, an increase in hippocampal volume has been reported in patients at the time of first psychotic break (Pantelis et al., 2003) , suggestive of hyperactivation within this structure. Furthermore, hippocampal hyperactivity is proposed to underlie the abnormal thought processes, hallucinations, and delusions in this disorder (Krieckhaus et al., 1992; Venables, 1992) . Finally, it is well known that temporal lobe epilepsy, a type of hyperactivity of the hippocampus, has been associated with schizophrenia symptoms in humans (Ounsted and Lindsay, 1981) . Together, these data are consistent with the model derived from the present study, in which a hyperactive vHipp drives a DA hyperfunction. However, whether this hyperactivity has its origin as a result of pathology within the ventral hippocampus, or is driven abnormally by another region, is not known at this time.
At face value, the hippocampal hyperactivity model of schizophrenia may appear to be inconsistent with the neonatal ventral hippocampal lesion (NVHL) model (Lipska et al., 1993) . However, we suggest that both models may actually be producing a similar pathology, but via different means. Thus, Swerdlow et al. (2001) have demonstrated that the enhanced behavioral responsivity to amphetamine in the NVHL model is attenuated with extensive lesions encompassing the entire dorsal and ventral regions of the hippocampus. On this basis, it has been suggested that the behavioral abnormalities in the NVHL model reflect, at least in part, aberrant function within spared elements of the hippocampal complex (Swerdlow et al., 2001) . Therefore, although this increase in hippocampal activity has not been demonstrated in the NVHL model, it is possible that in both models the enhanced response to amphetamine derives from a hyperactivity within hippocampal tissue.
The present study demonstrates that the pathological increase in tonic DA transmission and aberrant responsivity to psychomotor stimulants observed in MAM rats is likely attributable to hyperactivity within the ventral hippocampus. Moreover, we propose that the hippocampal dysfunction consistently observed in schizophrenia patients is the basis for the dopamine dysregulation in this disorder. We are of course aware that the administration of a toxin to a developing rat is not an accurate recapitulation of the etiology of schizophrenia in humans, nor is the presence of simple deficits in sensory gating and executive function a necessary parallel to the complex cognitive and affective deficits distinctive of this disorder. Nonetheless, we posit that at the core of this disorder is a disruption of systems interactions that can be modeled in animals, but when placed in the context of complex human brain and behavioral patterns, yields the complex pattern of psychopathology recognized as schizophrenia. Such an understanding of the functional interactions among these systems and how disruption within these circuits affects information processing is central to gaining a better understanding of disease pathophysiology and developing better pharmacotherapeutic agents.
